Dismembered ophiolitic rocks including abundant sheared, serpentinized peridotite (mostly harzburgite) and minor basalts, dolerites, gabbros, and altered metabasites (mainly altered amphibolite) were drilled at most of the sites on the upper to lower Middle America Trench landward slope off Guatemala during Leg 84 of the Deep Sea Drilling Project. These rocks show characteristic Cataclastic deformation with zeolite facies metamorphism and alteration after amphibolite and greenschist facies metamorphism. These features indicate that the rocks originated in mid-oceanic ridge, offridge, and possibly other areas including island arc areas and were metamorphosed under a high geothermal gradient at low pressure. They were then structurally deformed and mixed within a serpentinite melange. Such ophiolite melanges may have been emplaced onto the Trench landward slope area during the initiation of subduction of the Cocos Plate. The emplacement seems to be connected to that of the Nicoya Complex in Costa Rica. The slope cover from early Eocene to Recent shows no history of these metamorphic and deformational events, therefore the emplacement of the dismembered ophiolitic rocks occurred at least before the early Eocene. The dismembered ophiolite-based Trench landward slope off Guatemala is a newly documented style of subduction, which has also recently been found at the easternmost edge of the Philippine Sea Plate along the Izu-Mariana-Yap Trench landward slope.
INTRODUCTION
On Leg 67 a small amount of highly altered basaltic or intermediate igneous rock was recovered at Site 494, at the foot of the lower Trench slope off Guatemala (Aubouin, von Huene, Azema, et al., 1982) . But the abundant recovery of such materials on Leg 84 was unexpected before ophiolitic rocks were actually obtained on this Leg from almost the same sites as those of Leg 67 (Figs. 1 and 2). The ophiolitic rocks are composed mostly of serpentinized harzburgite at Site 570, serpentinized lherzolite at Site 566, and altered amphibolite at Site 569, whereas other lithologies such as basalt, dolerite, and gabbro were drilled together with serpentinized harzburgite at Site 567. Thus the rock assemblages vary from site to site, but as a whole may form a single body comprising a large mass of protruded dismembered ophiolite -an ophiolite melange. The whole Trench landward slope is probably underlain by this dismembered ophiolite mass (Aubouin, von Huene, Baltuck, et al., 1982) .
In this chapter we describe these rocks, specifically focusing on their deformation, metamorphism, and alteration. We present analytical data on minerals relevant to the discussion of the tectonic significance of these rocks. with a trace of chrome spinel (Sample 566C-5-1, 5-7 cm, 110.9 m sub-bottom) (Fig. 4) . Most of the olivine and pyroxene has been serpentinized, forming chrysotile and lizardite of mesh and bastite textures, but the original minerals are arranged in a roughly foliated fashion. These rocks are probably cumulative peridotites showing later shearing. Sedimentary cover in the three holes varies, although they are only 1 km apart. Upper Pleistocene sediments (21.9 m thick) occur in Hole 566, Pliocene sediments (less than 7 m thick) in Hole 566A, and Miocene to Pleistocene sediments (88.1 m thick) lacking Pliocene deposits in Hole 566C. This indicates that the cover sediments are differently distributed and contain sedimentary hiatuses. The sediments contain no ophiolitic fragments (see lithology section, Site 566 report, this volume) and are composed only of sandy to muddy terrigenous materials. The canyon has thus been an area of variable sedimentation and erosion.
Site 567
Site 567 is located very near Site 494 of Leg 67, on the small bench at the very foot of the lower Trench slope, just 3 km landward of the slope edge, 550 m above the Trench floor. Hole 567A penetrated ophiolitic rocks at several horizons. Thin layers made of serpentinite pebbles are included within the lower Miocene mudstone sections at 262.7 m sub-bottom. Other blue gray mud may be derived from altered serpentinite. In between 325.1 to 358.7 m rather thick sections of serpentinitic mud are intercalated. The sections show no sedimentary structures, and it is possible that these are tectonically emplaced as sheared clastite. However, just below the sections, Miocene fossils were found within terrigenous mudstone (see the lithology section, Site 567 report, this volume), so that these sections of serpentinitic mud are probably emplaced by tectonic processes.
Below 17.7 m of Campanian to Maestrichtian pelagic limestone, which was probably slumped or tectonically emplaced at this site, a 124.4-m-thick section of disrupted ophiolitic rock was penetrated. The recovery rate was very poor, averaging 9%, because hard basaltic to gabbroic rocks were encountered within sheared soft ophiolitic rocks. However, the variation of the drilling rate suggests an order of lithology as shown in Figure 5 . The foliations observed in some sections of sheared serpentinite dip about 20 to 30°, as shown in Figure 5 . The recovered rocks are quite disordered when compared to the commonly observed layered ophiolite sequence onland of tectonized harzburgite, layered cumulate, high level intrusives, doleritic sheet dyke complex, basaltic volcanics, and sometimes pelagic sediment covers (Gass and Smewing, 1981) . On Leg 84, no pelagic sedimentary rocks were recovered except for the possible pelagic micritic Late Cretaceous limestone just above the ophiolitic rocks and umberlike metallic sediments in the crust of pillow lava described later. Thus, as far as we have observed in the cored section, rocks are very randomly intermixed tectonically within a serpentinite matrix, which is very sheared and pulverized. All the rocks characteristically show several stages of metamorphism, alteration, and deformation. The following sections describe general characteristics of deformation and mineralization.
Density (g/crrf Figure 3 . Distribution of the values of dry (dotted) and wet (crosshatched) densities of serpentinite from Sites 566, 567, and 570. Those in the form of powder, sand, and mud were only measured in the dry state. These were placed in a drying oven for 42 hr. at 80°C. Rock fragments were measured wet after 24-hr, immersion in water.
Dunite
Opx Cpx This is an olivine-clinopyroxene gabbro. Olivine comprises about 15% content by volume and is partly chloritized. Clay is developed along the rim of olivine. Veins characterized by cataclasis of pyroxene, chloritized olivine, and Plagioclase cut the rocks, and a part of the vein is further replaced by zeolite (analcite) (Fig. 6A) . Such a cataclasis characterizes the entire section, but the gabbroic texture is still visible. Cataclasis followed chloritization but occurred before zeolite vein intrusion. Chlorite is developed from the wall of the vein and pulverized within the vein. Some part of the grain boundary are characterized by this type of cataclasis, but some Figure 5 . Inferred columnar section at the bottom of Hole 567A, deduced from the drilling rate. Core lithology is listed in the middle column; italicized rock type is predominant. D (drilled) indicates that recovery was combined with recovery of the preceding core, that is, two core lengths were drilled for every instance of recovery.
parts only by chlorite mineralization. Some of the clinopyroxene and olivine grains are weakly kinked.
Sample 567A-20-1 (Piece 2, 108-111 cm) (369.4 m sub-bottom) This is an actinolite-rich ultramafic rock. Fibrous aggregate of actinolite is abundant. Grains are mostly contorted or kinked (Fig. 6B) . Clinozoisite is seen sporadically. A vein made of tiny prehnite clinozoisite crystals is seen. This is a metasomatic rock commonly observed within serpentinized ultramafic rocks onland (Nishiyama, 1979) . This is a metamorphosed two-pyroxene gabbro. Pyroxene (augite and bronzite) is largely or partly replaced by actinolite both in the rim and core. Plagioclase is partly chloritized. Remarkable kink banding is seen in the pyroxenes. Cataclastic deformation is not seen in the grain boundaries. Analcite and thomsonite are the common zeolite minerals in the vein. Tiny prehnite grains (Fig. 6C) . The tremolite is crushed in a Cataclastic fashion. This is metamorphic rock of the lower part of the amphibolite facies. Plagioclase is partly replaced by chlorite. This may be a retrogressive phase.
Sample 567A-21,CC (Piece 1, 12-18 cm) (402.9 m sub-bottom) This is a coarse hornblende gabbro. Plagioclase is highly saussuritized, and green hornblende is partly chloritized or actinolitized in the rim. Remarkable fracturing occurs, and some hornblende grains show weak kinking (Fig. 6D ). An analcite vein intrudes the deformed texture. The rock was originally a hornblende gabbro, but was then metamorphosed into a greenschist facies, and finally retrogressively altered in the zeolite facies.
Sample 567A-25-1 (Piece 4, 33-44 cm) (429.9 m sub-bottom) Piece 4 was observed on board and Piece 6A (described later) was observed onshore, but judging from the similar internal features of the two, they may be from the same rock body, fractured during the drilling. This rock is an alkali pillow basalt, showing gradual change of texture and composition from the core to rim (Figs. 7 and 8 ). In the inner part, ophitic to intergranular texture predominates, containing mostly Plagioclase and titanaugite. The texture is not as highly altered or deformed but shows contorting in the original Plagioclase. Calcite and zeolite veins cut the inner part of the pillow in two directions. Zeolite is analcite, which commonly occurs in alkali rocks. Toward the rim, the texture grows finer-grained as a result of both earlier cooling and later pulverization. In the rim, which occupies about half of the thin section, texture is Cataclastic, characterized by a mixture of different kinds of small fragments of basaltic origin and their related materials containing volcanic shale (Figs. 7 and 8) . These textures indicate a high degree of shearing under considerably high temperature, which caused ductile deformation (E. Rutter, personal communication, 1983) . This zone contains at least the following components: (1) Greenish homogeneous clayey devitrified glass, which occupies a large proportion of the section, is present. (It is partly phacoidal or lens shaped.) (2) Also present is orange fine-grained pulverized basalt, which is highly crushed along the boundaries between the basalt proper and its covering layer described later. (Fragments of basaltic rocks of variolitic texture, which is different from the ophitic-intergranular texture in the core, are recognized. Fragments of basalt that originally contained phenocrysts or microphenocrysts of augite that are now fully pulverized also occur in this area.) (3) Reddish fine materials of muddy metallic sediments occur, which include many fragments of basaltic and other materials such as foraminifers (planktonic type, probably younger than the Jurassic, D. Carter, personal communication, 1983) and spumellarian-type radiolarians (Fig. 7B and C) . (This zone is opaque in plain light.)
These observations indicate that the rim of the basalt is highly pulverized, sheared, and fragmented, making a complicated shear zone of basalt and pelagic sediments that contain micro fossils, although the core does not show any significant deformation. The pulverization occurred; then fragmentation and rotation produced by shearing followed. Some fragments of basalt and glass show rotation tails by shearing. Calcite veins in Figure 8 show two shear zones: one shows a right lateral sense of offset in the thin section, the other a left lateral sense. The reddish black metallic materials may be the same as the umberlike sediments deposited just on the basalt surface indicated in Sample 567A-26-1 (Piece 4) and discussed later; these occur in many parts of shear zones (Fig. 9 ). This indicates an injection of ductile materials during the shearing.
The basalt is similar to or the same as the alkali basalt of Sample 567A-25-1 (Piece 6A), described next and is probably pillow lava. The calcite veins may fill earlyformed cracks in the pillow. Some fragments on the sheared part may be broken from the pillow or may be hyloclastitic materials.
Sample 567A-25-1, (Piece 6A, 54-60 cm) (430.1 m sub-bottom) Some parts of the section were analyzed by Electron Microprobe (Tables 1, 2 , and 3). About half of the section is occupied by brownish amorphous to devitrified glass, which shows typical spherulitic texture (Fig. 8) . This is at least 1 cm thick in the thin section and is in contact with basalt of intersertal texture. Zeolite minerals (analcite, phillipsite, and stilbite) fill in the piece, which also includes clay minerals. This part was originally the outer glassy crust of the pillow. The inner part is composed of basalt of intersertal texture and contains black metallic materials of irregular shape. Many spots of greenish clay are included within this metallic halo. Electron Microprobe analysis (Table 2) indicates that the metallic material is an Fe-rich hydrosilicate and hydroxide mixture like Cyprus umber (Robertson and Hudson, 1973) . The total iron oxide (FeO*) content of the Cyprus umber and of the metallic sediment of this study do not differ greatly, but MnO 2 content in the latter is lower. The greenish clay minerals are K-rich celadonite and glauconite (Buckley et al., 1978) (Table 1 ) and also re- place the groundmass of the basalt itself. Such an enrichment of K 2 O in the basalt is known from the weathered basalt in the Pacific and Atlantic seafloor (Humphries et al., 1980; Morrison and Thompson, 1983) , but comparison of the clays in this study with those in the Pacific and Atlantic shows that these have a very high K 2 O content and low MgO content, whereas FeO* is similar. The zeolites mentioned earlier occur in the vein as the last products of alteration (Table 3) .
Sample 567A-25-1, (Piece 5, 47-51 cm) (430.1 m sub-bottom) This is a highly sheared metabasite or metadolerite. This section shows an intergranular texture of Plagioclase laths, titanaugite and many veins of opaque minerals. Shearing is extremely strong and many shear planes intersect each other. Plagioclase laths are curved and rotated. This deformation may have occurred under high temperature for ductile conditions. Calcite, zeolite, and clay and opaque minerals are seen in many small veins. Blocks of intersertal basalt are enclosed within the shear zone.
Sample 567A-25-1 (Piece 15, 127-131 cm) (430.9 m sub-bottom) This is an alkali basalt that is intensely sheared (Fig.  10A) . The main part is the core of basalt, probably of pillow basalt, with an intersertal texture, now largely pulverized; it is intruded by many veins of opaque minerals. Several shear zones made of blocks of basalt and clay minerals occur. Spherulitic clays are brownish, partly similar to the devitrified glass such as in Sample 567A-25-1 (Piece 6A). Grains in the shear zone are highly pulverized and rotated by zone shearing. Chlorite is interpreted to be an alteration mineral, because it is developed within a rounded devitrified fragment. Analcite veins cut all other textural features, suggesting they formed late.
Sample 567A-26-1 (Piece 1, 0-8 cm) (438.5 m sub-bottom) This is a rim of an alkali pillow basalt (Figs. 10 and 11). A notable shear zone occurs between the core and rim. The rim is composed of many different kinds of rock fragments in a sheared matrix of pulverized fine basaltic fragments, reddish volcanic shale, and metallic sediment. Such a feature is similar to Sample 567A-25-1 (Piece 4). The core is of hyalophitic to intersertal texture, consisting of titanaugite phenocrysts and Plagioclase laths. The augite contains 2.41 to 2.67% TiO 2 (Table 4) . Very fine material lies within a 10-mm width along the outer side of the core. The zone contains rounded, phacoidal, or angular fragments of the following materials (Fig. 11): (1) basalt of hyalophitic to intersertal texture that has no green clay minerals (this feature is the same as much of the inner part of the section); (2) basalt of intersertal texture but that has a green clay mineral (this clay is identified as celadonite or glauconite by electron microprobe analysis [ Table 1 aligned in parallel; these grains occur close to the outer part of the zone). All these grains are rounded, phacoidal, or lenticular, and the matrix of the grains is composed of pulverized local basalt, reddish volcanic shale, or metallic sediments (Fig. 11) . Almost opaque metallic sediments, similar to the umberlike sediments mentioned earlier, also occur.
Sample 567A-26-1 (Piece 15, 107-113 cm) (439.6 m sub-bottom) This is an alkali dolerite of ophitic to subophitic textures. Large titanaugite crystals are common. Glass is altered to montmorillonite or chlorite. Heulandite and prehnite veins are present, and no strong deformation is observed.
Sample 567A-28-1 (Piece 1, 44-53 cm) (455.9 m sub-bottom) This is a serpentinite altered from harzburgite. Serpentine is largely made of lizardite and chrysotile now of a mesh texture and of poor crystallinity. The grains are usually kinked. Grains are large-about 1 to 2 mm in diameter-and show original layering, suggesting the cummulate origin.
Other serpentine sections were also examined, but most were similar to those described. The volumetric extent shows olivine from 71 to 86%, and orthopyroxene from 29 to 14%. Chrome spinel ranges from 1 to 4%.
Site 569
This site is located on the lower part of the middle Trench slope, 32 km landward from the Trench axis at a depth of 2770 m. Below a thick 351.4 m sedimentary cover as old as late Eocene, 9.5 m of altered amphibolite were drilled at Hole 569A. No other kinds of basement rocks were recovered. The nature of the contact between the basement and the Eocene sedimentary rocks is not well known. Early to late Eocene sedimentary rocks are not like others recovered on the Guatemalan slope (Aubouin, von Huene, Azema, et al., 1982) . They are dark green to black siliceous radiolarian-rich mudstone (see lithology section, Site 569 report, this volume). Radiolarians are stained by metallic minerals (probably iron sulfide), and such features are similar to those at Site 494 of Leg 67 (Aubouin, von Huene, Azema, et al., 1982) . Therefore it is suspected that the 38.3-m-thick Eocene sediments were deposited under rather stagnant conditions around the oxygen minimum zone, probably deposited unconformably upon the ophiolitic rocks in the Trench landward slope.
The altered amphibolite was originally a medium-sized metamorphosed mafic rock, that is a metabasite. The Plagioclase between the green hornblende has entirely been Sample 569A-10-1 (Piece 3C, 49-57 cm) (351.9 m sub-bottom)
In this section a few Plagioclase grains remain, but most are replaced by natrolite and prehnite. A small amount of quartz is also present. Veins made of prehnite and natrolite largely dissect the whole of the section. A prehnite vein is cut by another prehnite vein. Hornblende crystals are about 0.1 to 0.2 mm in diameter, and are roughly arranged in a weak foliated fashion (Fig. 12B) . A large amount of chlorite occurs as veins and fibrous aggregates. Quartz is also present.
Site 570
This Site is located at the lower edge of the upper Trench slope, 42 km landward from the Trench axis at a depth of 1698 m. Below a sub-bottom depth of 374.0 m, penetration of a sedimentary cover as old as early Eocene, was accomplished, and 27.9 m of serpentinite were drilled. The 44-m-thick Eocene section is quite different from the Eocene section of Site 569 discussed earlier. It is composed of alternating layers of siliceous limestone and coarse sandstone or conglomerate that includes acid volcanic serpentinite, although no fragments of serpentinite were contained in the overlying strata. Two thin sections of serpentinite (Samples 570-41-3, Piece 7, 385.4 m sub-bottom and 570-42-2, Piece 5, 394.5 m sub-bottom) were examined. Serpentinite is largely serpentinized harzburgite, the original composition of which contained 74 to 79% olivine and 26 to 21% orthopyroxene, with a trace of chrome spinel. The crystals are coarse and roughly foliated, probably cumulate peridotite or tectonized harzburgite.
DISCUSSION: EMPLACEMENT OF THE OPHIOLITIC ROCKS IN THE FOREARC AREA
The rocks described in this chapter are composed of many varieties of ultramafic to mafic igneous rocks. In addition to typical ophiolitic rocks, Leg 84 recovered igneous rocks of alkali as possibly island-arc affinities, as discussed later. The whole assemblage of this rocks, however, is considered an ophiolitic melange, characterized by a disturbance of metamorphosed and sheared mafic rocks within highly serpentinized peridotite in a dismembered fashion. The primary metamorphic grade ranges from amphibolite to greenschist facies and is further overprinted by much lower grades of zeolite facies, sometimes characterized by a prehnite-actinolite assemblage. These rocks are generally altered and veined. Most of the rocks show some shearing and Cataclastic deformation. Folding also occurs and may have developed under relatively ductile conditions, because it is associated with flow by pulverization.
Cataclasis is common in gabbros and pillow basalts. The cataclasis may have taken place after calcite veining and clay mineral alteration, probably occurring on the seafloor, but definitely before zeolite veining. Pillow basalt also shows intense shearing along the rim, including mixing with pelagic sediments. The mixed pelagic sediments include umber or volcanic shale, which contains celadonite, glauconite, and other altered minerals as well as microfossils. Cataclasis in the basaltic texture was followed by large-scale fragmentation of the rocks. Folding in the gabbroic rocks occurred after greenschist facies metamorphism and was followed by Cataclastic deformation along fault planes, in turn followed by zeolite veining. The deformation sequence and mineralization described earlier occur in almost all rock types and are characteristic of phenomena occurring at relatively high temperature, as mentioned before. It is known from triaxial experiments that cataclasis of basaltic rocks is a typical deformational feature under considerably high temperature and hydrated conditions-it is the initiation of fracturing (Rutter et al., 1982) .
As briefly mentioned, some rocks may be part of a typical ophiolitic assemblage, but others may be of different origin. Harzburgite and lherzolite are commonly in the lowest levels of the ophiolitic sequence, composing layer 4 in the oceanic crust as well as the upper mantle (Gass and Smewing, 1981) . The banded or foliated texture indicates ultramafic cummulate origin. Possibly most of the drilled serpentinites were highly sheared originally, but this texture was probably destroyed during drilling. Extremely abundant harzburgite may indicate the different origin of the ultramafic part of the drilled ophiolitic rocks. Harzburgite is not very common in the spreading ridge or ridge-ridge transform faults, but is quite common in the orogenic (or Alpine type) ophiolite and has recently been found in several forearc ophiolite occurrences along the Izu-Bonin-Mariana arc (Bloomer 1983; Bloomer and Hawkins, 1983) . This fact may suggest other possibilities for the emplacement of ophiolitic rocks in the island-arc area as well as in the orogenic area, as discussed later.
Three kinds of gabbros occur: an olivine-clinopyroxene gabbro, a two-pyroxene gabbro, and a hornblende gabbro. The first and the last of these are quite common in ophiolitic rocks, but the two-pyroxene gabbro is not common in the ophiolite found in the spreading ridge areas such as along the Mid-Atlantic Ridge. It may be related to some island-arc-type magmatism incorporated into the ophiolite melange mass. Actinolite rock is very common as a nodule of ultramafic rock in a serpentinite belt, occurring as a result of metasomatism between peridotite and basalt (Nishiyama, 1979 ) Some dolerite and all basalts observed in this study are characterized by titanaugite. These rocks are probably all alkalic rocks, commonly associated with volcanic islands seamounts. We found no tholeiitic rocks that are typical of ophiolitic assemblages, but samples collected by Tournon et al. (this volume) include some tholeiitic basalt, judging from the chemical analysis. Such a variety may be caused by the poor recovery and sparse sampling.
Chemistry and petrology of all mafic and ultramafic rocks must be further studied in detail but the rocks can be principally characterized as of oceanic origin, with some island arc rocks. Few pelagic sedimentary rocks occur, except for the this umber cover on the alkali pillow basalt and the Late Cretaceous limestone above the ophiolitic rocks. The latter was either originally deposited upon the oceanic plate or volcanic island or was later emplaced during tectonism or slumped from upslope.
Magnetic and gravitational anomalies that could characterize mafic or ultramafic rocks at shallow depth extend from the area off the Guatemala Trench slope as far south as the Nicoya Peninsula of Costa Rica (Von Huene, Aubouin, et al., 1980) . On the Nicoya Peninsula a Jurassic to Cretaceous basalt-chert sequence outcrops extensively with Tertiary island-arc sedimentary rocks (Schmidt-Effing, 1979; Galli-Olivier, 1979; Kuijpers, 1980; Lundberg and Moore, 1982; Gursky et al., 1982; Azema and Tournon, 1982) . The Nicoya sequence is interpreted either as an oceanic plate fragment accreted to the Caribbean Plate or as a mixture of an aseismic ridge and island-arc bodies. In either case, the ophiolitic rocks underneath the Trench landward slope off Guatemala appear to continue to the Nicoya Peninsula or around the Trench slope or slope break direction.
At four Leg 84 Sites (Sites 566, 567, 569, and 570), which range over about 50 km perpendicular to the Trench axis, ophiolitic rocks were recovered. We believe that the entire slope landward of the Trench is underlain by the tectonized ophiolitic material (Aubouin, von Huene, Baltuck, et al., 1982) . Some of the parts of the ophiolitic rocks may extend landward to the basaltic layer that is supposed to be underneath the thick sedimentary pile of the forearc basin (Seely, 1979) .
The emplacement of the basaltic rocks in the Nicoya Peninsula is considered to have taken place in two stages -in the Late Cretaceous and middle Tertiary (Kuijpers, 1980) . The structure and deformation indicate that the rocks suffered strong lateral shortening by folding and thrusting, but seem not to show any subduction-related metamorphism and deformation in the later Cretaceous. In the Tertiary sections there is abundant evidence of arc volcanism, suggesting the active subduction of the Cocos Plate (Kuijpers, 1980; Gursky et al., 1982) . In Guatemala, thick Cretaceous to Recent forearc basin sediments have accumulated (Seely, 1979) . The origin of the forearc basin extends back to the same stage of the Cretaceous (Lundberg and Moore, 1982) . There are still not enough data to relate the dredged ophiolitic rocks to those onland; the emplacement of the ophiolitic rocks to those onland; the emplacement of the ophiolitic rocks occurred before early Eocene, as already indicated, but possibly earlier during the Cretaceous when the arc-trench system of this region began to form (Lundberg and Moore, 1982) .
Other examples of forearc ophiolite have been recently reported in the western Pacific regions (Crawford et al., 1981 , Dietrich et al., 1978 Bloomer and Hawkins, 1983; Ishii, 1983; Hussong and Fryer, 1983; Ogawa and Naka, 1984; Ogawa, 1983) . These areas have dismembered ophiolitic rocks from the foot of the Trench landward slope to the upper slope areas (Fig. 14) . The general occurrence, assemblages, and characteristics are all very similar to each other in degree of metamorphism and style of deformation. All of the examples contain rocks indicating Cataclastic deformation and metamorphism from amphibolite to greenschist facies with alteration by prehnite-actinolite or zeolite. Furthermore, these examples are also very similar to those of the ophiolitic rocks from the transform faults or fracture zones of the Pacific and Atlantic oceans (Fox et al., 1976; Bonatti, 1976; Bonatti and Hamlyn, 1981) .
In these cases an important consideration is to distinguish the tectonic context for the original emplacement of such ophiolitic rocks. Usually ophiolite is considered to originate as oceanic crust and upper mantle produced in the spreading ridge (Bonatti and Hamlyn, 1981, Gass and Smewing, 1981) . The basalts are usually tholeiitic (mid-ocean ridge basalt, or MORB), although some so-called "ophiolite" onland may include volcanic island-arc materials, such as the example in the Troodos ophiolite of Cyprus (Myashiro, 1973) . Recent results of chemical analysis of some of the forearc ophiolites mentioned earlier indicate that most of the basaltic rocks are not of MORB type but of arc basalt including some volcanic island (seamount) types (Bloomer and Hawkins, 1983; Bloomer, 1983; Ishii, 1983) . In some cases boninite (high magnesium, high silica rock) is included. The tectonic significance of the Guatemalan ophiolitic rocks mentioned here is not clearly identified but the general assemblages of minerals and rock types suggest several possibilities. Alkalic rocks are common in oceanic volcanic islands and seamounts, and two-pyroxene gabbro is common in island arcs. Furthermore, harzburgite is the most common ultramafic rock constituent in juvenile arcs, such as occurs in the depleted material of boninite (Kushiro, 1983) . The poor recovery and sparse sampling of the drilled materials discussed prevent a study in greater detail, but results of this work show that there are several rock types mixed together within the ophiolitic melange. The mechanism that produced the Trench landward slope area is not yet known, but three possibilities are suggested:
1. The entire ophiolite was originally a single body produced along the spreading ridge, largely serpentinized at the time of spreading (Francis, 1981) , and deformed and metamorphosed under the strong shearing and high-grade geothermal conditions present at that time possibly including ridge-ridge transform faults) (Fox et al., 1976; Karsón and Dewey, 1978) (Fig. 15) . Such a scenario for the origin of an ophiolite melange is discussed by Karson and Dewey (1978) and Casey et al., (1981) for the Bay of Islands ophiolite in Newfoundland and by Ogawa (1983) and Ogawa and Naka (1984) for the Mineoka and Setogawa forearc ophiolites in central Japan. In these cases the alkali basalts are considered to have been produced along the fracture zones. This idea is useful in explaining the Cataclastic deformations, mineral veining, and metamorphism, observed off Guatemala, but cannot explain the arc-type igneous rocks that are sometimes included within or occupy a considerable part of the ophiolitic mass.
2. The entire ophiolite is emplaced just under the arc as materials produced at the beginning of the development of arc magmatism. Such a possibility is suggested by Dietrich et al. (1981) , Crawford et al., (1981) , Bloomer and Hawkins (1983) , Bloomer (1983), and Ishii (1983) for the dismembered ophiolites dredged along the Trench landward slope areas in the Bonin, Mariana, and Yap island arcs (Fig. 16 ). This idea is based on chemical analysis using trace elements and rare earth elements. In this case the alkali basalt is considered to be seamount material trapped by obduction when ocean floor material was first emplaced at an initial stage of subduction (Bloomer, 1983; see Fig. 16 ). They consider most of the ophiolitic rocks in the Trench slope area to have originated during arc magmatism. This discussion favors the origin of basaltic and ultramafic rocks, but can explain neither the scarcity of andesite and other felsic igneous rocks that should be associated with arc magmatism nor the origin of some thick pelagic sediments accumulated on ophiolitic rocks. Accumulation of such sediments requires a long time of deep sedimentary environment far from the land derived sediment. Metamorphism and deformation under the forearc area are not well characterized, so we are unable to address how well this model explains the high geothermal conditions and strong shearing of materials observed off Guatemala.
3. The ophiolite melange is a mixture of several different magmatic types, including mid-oceanic ridge, seamount, and island arc; the melange was formed along a large fault or fracture zone. This hypothesis covers many possible cases concerning chemical, deformational, and metamorphic history, but includes many uncertainties that cannot be resolved without further chemical, mineralogic, and deformational studies of ophiolite melange in general and of the ophiolitic rocks drilled off Guatemala in particular.
SUMMARY
The description and discussion of some ophiolitic rocks drilled at the Trench landward slope area off Guatemala reveal that there is a wide variety of types of magmatism, metmorphism, alteration, and deformation represented. The types of rocks range form basaltic rocks, including alkali basalt, alkali dolerite, gabbro, and metabasite (amphibolite to greenschist facies) as well as ultramafic rocks, originally composed chiefly of harzburgite. Some of these associations favor the tectonism of a ridgeridge transform system, but the evidence of island arc (or simply arc) and even off-ridge magmatism suggests that other processes were involved. The entire ophiolitic body may be the product of several magmatic and tectonic events, but in any case it was emplaced along the Trench landward slope area before the early Eocene. The tectonic history may be similar to that of the basalt-chert sequence in the Nicoya Peninsula, but further study is necessary before good understanding of this complex region can be attained. Variety of forearc tectonics-sediment accretion or subduction Figure 15 . One of the possible modes of emplacement of dismembered ophiolitic rocks in forearc area (adapted after Ogawa and Naka, 1984) . A. First ophiolite melange is formed along a ridge-ridge transform fault, metamorphosed and deformed in a high geothermal gradient and under lateral shearing, then deformed by normal faulting in a nontransform segment of a fracture zone. An off-ridge volcano is possibly trapped in this zone. (After Karson and Dewey, 1978 .) B. The buoyant ridge made up of such an ophiolite melange becomes the site of the initiation of subduction, and the ophiolite melange subsequently occupies the Trench landward area. C. Upheaval of the diapir may cause extensional deformation in the forearc region, where trench sediments are chiefly subducted, but the extent of the tectonics may vary because of other factors (Ogawa and Naka, 1984) . (1981) and Bloomer (1983) . A. First subduction begins at a transform fault, where lherzolite (stretched s-shape) is emplaced and strong serpentinization occurs. B. Then arc lavas (dotted v-shape) and boninite (hachured) erupt and extremely depleted harzburgite (u-shape) is emplaced as the residue after boninite extraction (Crawford et al., 1981; Kushiro, 1983) . C. Next, arc volcanic rocks erupt and a part of a seamount (reversed v-shape) is accreted; then the tectonic mixture of these rocks produces an ophiolitic melange.
